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The docuoent provides . guidelines intended £or:^ (1) 
tlve preparation of se<?ondary level ^heaistry teachers; (2) the 
publication of texts; (3) ^ponsotship of norkshcps, su»ter 
co'nf erences^ and institutes; and (,4) the continuing education of 
teachersi. The guidelines emphasize: pfe-service preparation; 
necessity of continuing education; ^aboratory-centered secondary 
proqraas; a^d the responsibilities of secondary cheaistry teachers, 
teach.er educators, state^nd i\ational agencies, and industry,^ (SL) 
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While reading a textbook of chemistry. I came upon {he statement, nitric 
rc?d ac7s upon copper" ... and I determined ft. see what tWs mean 
H^vi^ located somrnitric acid. ... I had only to learn what the words ac^ ; 
upon" meant'. . . In the interest of knowledge I was even 
one of the few copper cents then iamy possessipn. I put one of theip;^n the 
table opened the'Ltle marked "nitric acid"; poured some f^e liquid 9" 
he copSer; and prepared to make an observation. But what was th,s won- 
derful thing which I beheld? The cent w^s already changed and Hwas no 
S chlge either. A grperiish blue Uquid foamed and ^^^^ °-r the cen 
and over the table. The air . . . became colored dark red . . . How should I , 
top?his? 1 tried by picking the cent up al«l throwing it out the wandow 
. . \ learned another fact; nitric acid . . acts upon fingers. The Pa " led tp 
another unpremeditated experiment! 1 drew my fingers across my trousers 
anrdtscovered nitric acid acts upon trousers . . That was the mostim- 
p^essive experiment ... I have ever performed. I tell of ij even now Vith 
Elt It was a revelation to me. Plainly the onlV way to learn about such 
remarkable kinds of action is to see the results, to experiment, to work in 
a laboratory. - . ' 

I Ira Remsen (1846-1927) 

Distinguished American Chemkl 
. President, lofans Hopkins University 

' vVhen we shall be able to employ in scientific education, "ot only the trained 
attention of the student, and his familiarity with symbols, but «he keenness 
o h" eye the quickness of his ear. the delicaty of his toach and the- 
"adroim Jss'of his\ngers. we shall not only interest : . people who^e no 
fond of cold abstractions, but. by opening at once all t^^^ gateways of 
iTowkdge we shalUnsure the association of the doc^trinesof science with 
tse eSentary sensations which form the obscure ^und of all our 
conscious thoughts, and which Ifd^'-^^ness and relief to d^^^ 
when presented as mere abstraci terms, are apt to fadg-enfirely.from the 
memory. 

James Clerk Maxwell (1851-1879) 
Distinguished Britis'Ji Mathematical 
^ /\ Physicist; developer of modern 

^ /electromagnetic theory aod kinetic 

/ molecular theory 



The principal goal of education is to create men and women who are capable 
of do^ng iS things, no^ sjmply of repeating what other generations have 
done X are di^cove-ters. We need pupils who are active, who learn 
early to finLut by themselves, partly by their own spontaneous activity and 
•partly through the materials w«.set up for them. ^ 



Jean Piaget (1896- ) 
^ntempqrary S»vi»s 
Educational Psychologist 
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Introduction 

A comprehension of chemistry iS necessary for a full urtdei'standing of 
' many fields of knowledge and for responsible decision-making in 
numerous areas of public concern. 

The secondary school chemistry teacher plays a pivoftl role in the public's 
^ understanding of chemistry, transcending that of any 6ther agent or group.* 
For most citizens, high school chemistry Is the first and only opportunity for 
systematic exposure to the science . ' 

Consec^uently, the teaching of chemistry to secondary school students is an 
awesome responsibility. Nof only must the teacher be proficient in the art 
''and science of teachihg, but he or she must also4:)ossess the knowledge and 
ability to communicate selected details of chemistry with bothsimpHcity 
and accuracy. Further, gtven the namre of the task, the teacher must strive 
assiduously to keep up-tb^date with the developments of chemistry itself 
and with the means of teaching them to the students,^ • • , 
Ntany organizations and individuals are involved in the improvement of 
secondary school chemistry teaching. These guidelines are intended to 
assist them in (for example) the pi'eparation of teachers, publication of 
texts, sponsorship of workshops, summer confeFences and institutes, and in 
the continuing education of teachers. In this spirft, 

♦ ' < ♦ ■ 

these Guidelines emphasize: ' * 

• the importance of appropriate pre-service preparatit)n Tor secondary 
school teachers of chemistry ^ 

• the necessity of continuing education for secondary school chemistty 
teachers , / 

• the role of laboratory-centered programs in secondary school 
chemistry instruction 

• the instructional and aurricular implications of such program^ in the . 
preparation of secondary school chemistry teachejs 

and the responsibiiitifes of 

• secondary school chemistry teachers 

* • teachers of seconda'ry school chemistry teachers 

• local, state, and national agencies, organizations, and individuals 

* • chefnical and other industries ^\ 

• * . _ 

in their mutual concern for the quality of instruction in chemistry in th 
secondary schools. , 



The Laboratory 



Laboratory work is an incfispensable part of chemistry instruction. In the 
hands of a good teacher it is in itseU an excellent vehicle for instruction, 

• It gives an insight irrtq authentic science. 



• IX is intellectually exacting. It requires caceful 
attention to planning, execution, and ^, 
observation. It demands interpretation and 
abstraction, 

• Most students enjoy it. It couples cognitive * 
activities with '*hands-on/' action-oriented, 
concrete operational activities. It is a 
stimulating change from lectures and oth/sr 
forms of instruction. 

• It is interdisciplinary. It sharpens Students' - * * 
skills in: 

Readfng and writing; 

Applying mathematics to real problemJ^. 

Classifying, measuring,^ interpolating, 
extrapolating, drawing inferences, framing « 
^ hypotheses, and building mathematical, 
verbal, and physical models. 

-* 

• It helps students to devel<5p manual dexterity, 
patience, depfertdability, and a spirif of 
cooperation. ' 

• It helps to enhance and strengthen Situdent- » 
student and student;teacher interpersonal 

relations, 

A learning laboratpry ise busy laboratory. Alth ough it is time-consuming^ 
for students, and pentally, emotionally, and phfSicl.lly taxing for teachers, 
laboratory work is ipdispensable— if the spirit of science rs to be conveyed 
to th^^Vourtger generation and if they are to develop the Capacity for 
independent learning k 



This is the lesson of the laboratory melhod, and the lesson which all edu- 
cation has to learn; The laboratory is a discovery of the conditions under 
which labor may.becothe intellejctually fruitful and not merely externally 
productive. ^ * • , ■ . ' ^ . ^ 



V 



- John Dewey (1859-1952) 
Educator and philotopher 



: LINES 



Jo manage a chemistry' program which has a^aboratory emphasis with confidence, enthusiasm, 
efficiency, and safet\\ to be able to pose and to answer questions, and to acquire a base jor • 
continued professional growth, it is recommended, that a prospective secondary school chemistry 
teanher should have at least the formal college-levehacademic preparation outlined below, ^ ' 



/ 



In addition to the science and professional requirements listed above, the prospectiv,e teachg; is 
expected to complete the normalcourse requirement ia the humanities and social sciences, plus ^ 

lour^es in mathematics >vhich are po- and pre-requisite to chemistry a^id other / . . 



appropriate courses 
science-courses 



Inclusion of interdisciplinary' curricula in'teacher preparation programs is encouraged 

Semester hours are cited because they are the major medium of academic exchange The 
acquisition of chemical knowledge and professional teaching skills recognized m.ean/other 
than formal courses is npt e^^tluded ^ . ^ 



The importance oKcontinuIng education for chemistry teachers cannot be over-emphasized 



1 AH teachers are urged tl^continue their professional development; other persons and 
agencies, who. by their assignments and function, are also responsibla for continued • 
improvement in the deliver>' of instruction, are ur^ed to assist in providing continuing education 
opportunines for secondar\' school ohemistr>' teachers ' * - ' ' 



2. Chen^istr*^' teachers wbo'do not have the recommended pre-serv'^ice credentials as part of their 
trainfng should seek opportunities to contifiue their education to achieve these credentials as 
soon as possible , . * . . 

3 Because of the rapid increase in chemical knowledge and its applicatioji. it isViecessar\' that 
even those teachers who meet the pre-sorv ice" requirements outlined in this document pursue , 
.further education ' 



A Specific recommendations which apply bo4h to teachers who do and who do not initialK meet 
the pro-service requiFenaents are given below " 



Recommendations to Agencies and Individuals 



• r 



In thelfollowing sections, actiofts to implement and support pre-ser\^ce and continuing 
education programs in chemistry arespecifiecl for. ^ 

• Chemistry^ teachers ' 

• College and'university teachers, 
' primarily in cheipistry and eduf aiion ^ 

State and regldnal education officials 

• Local school boards, superintendents, 
principals, science supervisors, 
curriculum specialists, department^ 
heads 



Stale and local groups, sucb as science 
acadefmies, pjarent-te^cher-student 
associations, ACS local sections, 
industries, museumS^. • ^ 

ACS and other national scientific 
organisations and fiipding agencies^ 

professional teacher organizations 



"I find chemistry much 
easier to understand when 
it is related to everyday 
things or explained using 
examples of common items 
we ail see and work wilh"^ 



Recommendations to ihe Teacher 

teachers should J 
\ Recognize tha! growth in teaching is an 
\ on-going endeavor .They should avail ^ ^ 
themselves of opportunities fQr growth. \ 
especially in interdisciplinary areas suen 
as environmental chemistr>', 
biochemistry', earth science, chemital 
instrumentation, and career/vocational , 
education They should participate in 
appropriate college coi^ses, ACS and 
other short courses, sejf-study prograihs. 
in-service programs, professional 
meetings, and inter-class and inter-school 
visits with science teacher colleagues 
Other opportunities for professional 
service and growth include cooperation 
in providing field opportunities for - 
chemistry teachers-in:trainin|! summer 
employment in the chemical industry, 
developing and testing new laboratory 
* experiments, designing ahd participating 
in chemical^research projects, remedial 
work witht'o^^lege chemistry studente 
2 Keep abreast (xi current developments in - 
chemistry' with^^eriodicals and journals^ 
such as:" \ ^ 



Education 
ring News 



^ Chemistr.y* \ 
' C\\KM13NFM\ 
^ /ournai of Chemjc 
ChemJcaia'Engm^ 

Environment 
Science' • » 
^ The Science Teacher 
Scipnce News 

/ournai of Coiiege^Science Teaching 




Scientific American 
* The AtfierijCan BioJogy T^ache? 
The Physics Teacher 

Employ self assessment instruments (sucK 
as those publisHed'by the National 
Science Teachers Association) and plan 
specific programs for continued 
•professional growth " 
Investigate alternative teaching strategies 
and program's: They should examine, for 
example^ information on new teaching 
prograraS and formats available in 
exhibitions at national and local 
education apd sciei^te meetings, as well' 
as in relevant journals. 

, Work directly with school librarians to 
maintain a well-organized, current 
chemistry library with a complement of, 
films and muJti-n?edia materfals as well 
as peViodicaW^and journals, all to ^ 
supplement the student's textual f 
materials and io provide an adequate 
reference library for the science faculty. 
[See "Selected Titles in Chemistry." 4th 
ed . (1976), American Chemical Society. - 
^"Science Books and Films," (publistied' 
quarterly) American Association for the 
Advancement nf Science: "The AAAS 

' Science Book List." (published at 
intervals) ] 

I Interact with mathematics. English, ahd 
social studies teachers as well as 
associated science faculty in Curriculum 
development and innovation 

' Submit comments, letters, or articles on 
teaching strategies^and ideas to 



' ♦ Kspf'nalb suilnhlr 
'*Thrsii, <\m\ other cnmrnf-nts in the margins, nfc. rxcrpt w 
sorondr'ry srhwn! chemistry stndonls 
" Sf^(^ .jppc'ndix for riddresses <ind nthor.detnik , 



here mated, taken from letters to the WniUnK f :ommitteg fr 



^ newsletters su(*h as Chetn 13 News and 
other professional publications such as 
'The Sciefice Teacher and the [ournal of 
' Chemical Education ^ 

Take'students to local science meetings. 

9, Interact with nearby collie or unh^^sity 
faculty members and with chemists^ 
local industries?, hospitals, museums, 
police departments, and government ' 
agencies to exchange viewpoints and to 
arrange personal or class visits to their 
laboratories. (Often, this can be arranged 
through a local ACS section ) 

10 Become a member of al least one 
national scientific-educational 
association and participate in the 
activities of that group. 

11 "Partitipale in, community' programs that 

J involve chemistry (e.gj* pollujlion, energy ' 
crtsis. scouting, geriatncs, drug use and 
abuse, etc.). 

12 Make kndvvn-io administrators 
suggestions regarding facilities which 
are needed for effective teaching 

13 Make known to colleges and ^ 
universities of their choice fhe type of 
courses they need for continuing 
education • 

14 Relate the above actions to the teaching 
program, set personal goals for the 
acliievement of some of the foregoing ^ 
and review these annually irt 
consultation with immediate 
supervisors 



Recbmmendati^ns to College and 
University Faculties 

Although this section is addressed to faculties 
of educational institutions jn general, it is 
ordinarily the chemist/y andthe SDlence^ 
education faculties that are specifically 
charged with the education of chemistry 
teachers. Clearly, for this charge to be carried 
out effectively, the faculties of these - 
departments must cooperate in the 
development and in the conduct of both new ' 
and existing educational programs Neither 4 
group should view any of the fallowing # ' 
recommendations as applying solely to the 
other, t]l\^ intend is to encourage cooperative 
planning and the-essumption of joint 
responsibility. ' 



For Pre-Service Education ' 

1 Ptovide methods courses for chemistry 
, teachers which include an emphasis on 
^ laboratory. ^ * • 

a. Emphasize actual, hai)ds-pn laboratory 
experiences. 

b. Simulate high school^*prelal6-lab- 
postlab" periods based on experiments 

^ drawn from different laboratory- 
centered programs, with role-playing 
by participants, 
c Consult with 3nd employ {Practicing 

secondary school chejnistry teachers as 
, " observers or as part of instructional 
^ te^ams in order to keep rpethods C3urses 
in close touch with classroom realities 
and needs, 
" d Discuss and demonstrate* 

• How to teach laboratory skills 
. • i4ow to locate and to develop 
experiments suitable for short 
^ Taboratory periods,* 
^ Laboratory management, 
particularly 
safety, including the ^afe use of 

chemicals 
strategies for teaching' * ' 
laboratory logistids 
, ordering materials 
' waste disposal. • ^ 

2 Evaluate the presentation of chemistry in 
college-university lectures, laboratories, 
and in resource room learning centers 
New teachers often tend to teach in tlrc 

* styles by which they were taught, and 
steps should be t3ken to improve th'e^ 
techniques and the ima^e siBce thes6 are 
likqly to be imitated by the^new teacher. 

3. Include iif teacher preparation programs 
early and continued student exposure to 
actual classroom teaching experiences. 
Structured observations of both junior and 
senior high school science classes in a 
variety of settings (urban, rural suburban} 
stij)uld bean early part (in the freshman 
year when possible) of each pre-service ' 
chemistry leacher s pJrogram For early, 
low-risk teaching experiences, prospective 
teachers sfWitki be considered for 
involvement in Bie tutoring of individual 
high school students. A growing career - 
commitment to teaching, or a considered 
decision not to enter the teaching field, . 
can thus be identified relatively early in 
each ttu^ent s undergraduate program 



1 



"A good chemistry leached 
is ope who makes his clasi^ 
interesting; performs 
demonstrations to illustrate 
what he teaches and one 

^ who understands * 

^student!." 



feel the most important 
aspect of a teacher's 
knowledge is his ability to 
field questions from baffled 
studentrand answer these 
questions in a sUnple and 
understanding way." 



J 



* Such as some of those in the Lab Bench section of Chemjstry. or in selections therefrom in the manual "Lob Bench Kx- 
per/ments m Cheihisiry. " American Chemical Society. 1155 16th St . N . V^ashington. D C 20036. and I'n Alyea. H N 
and F B Dutton, Tested Demonstrations m Chemistry. 6th ed . /ournol of Chf^nwcal Kducdtinn, Publication Office, 238 Kent* 
Road. Springfield. PA 19064 



"Before chemUtry teachefs 
begin their practice, they 
should spend a great dial 
of' time with all students in 
genenQ, in order to achieve 
a type of conununication * 
and friendly relationship/' 



'Sudh aclwitiqs also build an important • 
• feeling of professionalism and 

camaraderie among prospective science • 
teachers, and pfnvide a motivational base 
for subsequent professional trainings 
courses. ' * 

4 ^^ovide additional teaching expigriences / 

for the pre^service teacher fhrough 
activities such as peer teaching and 
•counseling (senior teaching^majors w5th 
first year education students, for examjple), 
internships, assisting or tutoring in Ae 
university's introductory' chemistry 
courses, as w^ell &s the conventional 
supervised student teacjhing^ Expanding 
the pre-service teacher s opportunities for 
^ range of teaching experiences implies 
that teaching is an excellent (perhaps the 
best) way to learn, hence, such activities ^ 
ape»vvorthy of academic credit towardsjhe 
totals recommended earlier in these 
guidelines. ' • . \ 

5 Include in the chemistr\'>bontent program 
for teachers some independent study 
experiences to impart the flavor of 

. scientific investigation in a realistic way 
(e g . de-bugging le.cture' demonstrations, 
de-bugging laboratory' experiments frOm 
high school courses orintroductory ' 
courses at'other levels, devel'f^ping^and 
testing new experinrtents). / ^ , 

6 Illustrate by example that a lati'ety of, 
teaching strategies and techniques can be 
effective in hfelping' students toiearri 
chemistr\' 



"rthinlTthat teachers 
should he requested to take 
a refresher G^urse on a)) 
ne\y iriformation. They 
should know what they are 
talking about." 



7 Assess practicing teacher needs with the 
asslstaTice and cooperation t)f teachers, 
supervisors, princip^s, and professional^ ■ 
groups; locate talent to meet the needs 
(e g , from expetignced teachers, college 
staff, prof-essionals from the community). 
1 e , design flexible course schedules and 
materials to meetjn-service^teachg- needs 
Courses in current scieDce/chemistr>^ 
concerns (energ>', environment, drugs, 
etc ) which emphasize utilization of 
availabFe techniques applied to the. ' 
solution of societal problems, ai?d the 
presentation of these to young students 
using a laboratoa-centered approach, will 
serve'^s £Txapples herd 

8 Share college and University faculty and 
facilities wi4h area sncondar\' school 
chemistry teachei;^ 

a. , Arrange special evening sessions for 
secon.dar^ school teachers when* 
seminar speakers, consultants, and 
other visiting scientists and educators 

, are on campirs 



b Sponsor on-campus professional days 
for chemistry teacher^and supervisors 
to discuss common dpncer'ns and 
problems, and to familiarize them with 
' "resourceSpT^ibrary 'facilities, and other 
materials and experffte available.for 
^ their continued use. 

9. Offer broadly-based graduate degree 
programs i4i chemistr>^ or chemicaj 

. ' education for high school teachers- These ' 
graduate students need, and c^n use .for 
their own 'students, courses in areas such 
as geochemistry, information retrieval, 
-biochemistr>'jOceanography, forensic 
chemist^>^ the history of chemistry, and a 
capstone course that surveys high' school 
chemistry from an^advanced standpoint' 
and which;nclucles problem solving. 



Recommendations tu ^tafe^and- 
RegionaJ Education Officials * 

1. Organize w(;j£shops and summer 

laboratory prlgr^ms th^t bring.toge^er ' 
faculties from high schools* and colleges. 

. Possible topics could include" introduction 
to new^urricula, developn^ent of 
instructional material^, updating in 
» chemistPr' ---^ ^ 

2 Sp^sor a state-level science e4.ucat^n 
cjevelopment^center to provide resources 
and services, as welLas a pla^ where 
teachers may see e;camples oi innovative »• 
developments anjj where they can 
participate cooperatively in educationaF 
planning 

• 3 Establish a source of funds'usecl for 
implementing teacher efforts and 
opportunitieslo.ifnprove their courses and 
to cfevelop professionally 

4. Distribute copies of these guidelines to 
teachers They may be obtained from the 
Department of Educational Activities, 
American Chemical Society*, 1155 16th , 

„ Street, N.W , Washington; D.C. 20036 • 

5 Assume leadership in t^ie continuous * 
evaluation of policies that reflect reasoi;>ad 
acceptance*or modification of the 
objectives of tl>ese and similar guidelines 



^K(^.ommondatio!^t() Loc^l Ofticials 

1 Facilitate laboratory-centered instructjon 
a Respond to the teachers' identified 
needs for expendable supplies and 
equipment maintenance. . 
* 'b Determine maximum class si-zes which 
are consistent with safety and which 
, are suitable fm- laboratof^-oricnted ^ 
K learning . . 



c .^Provide'prenaration'timn for ihtT special 
' dmnands of wboraton -centered 
y ' * instruction f , ' ' ' 

d Utilize par^prpfessionais \q assist in 
.the implementation of laboratory- 
centerecTprogram^ ■ • . , " 

e Pmvide resource 5rid reference • \ 
materialsv,SchooLs sr department'. 
^ libra/ies' should have suHscriptiojis fb ♦ 
Chemistry' jouvpal of Cbe-mical 
^Kducation. The Science Teacher, ancj 
^ selected additional journals, such as ' - 
Chtrirncal and Kfigjneenng News, The 
.American ifiology Teacher. The * 
Physics Teachier, Sc\er\{\\\c Amer\cax\, 
]mrx\a\ of College Science Teaching, 
and Science .Vews,' for reference use 
^/^ by 5it\idents and teachers Texts for 
refer^^nce use should be available to 
support the teacher m areas such as 
general f,hemistr\', organic, inorganic, 
bi()chcm1str\ . environmental chcmistr\',, 
analyti(^al. and.phvsfcal chemistry 

2 Facijitafe the continuing education of 
(^hemistrv todcherjf' ^ ^ * ^ 

a Develop plans vMth teachers, earh in 

their careers, for continuing education 

and professional grovvfh, subject to 
' V annual review and modification"^ TTife 
- ' NSTA.publishes maTT^rials which -will 

provide some assistance \x% such 

plajimng ^' ' - , 
b Arrange schedules to'allow time for 

a6\ lee teachers to work cooperatively 

vxilh tcachf^rs experienced in 
« laborator\'-centered instruction and to , 

attend appropj.iate scientific and 

educiitional meetings and conWence? 
c Encourage cmd support TreqqenI inter- 

class ^nd inter-school visits among 

chemistn' teachers, 
d ^onsor workshops that bringjogether . 

teachers from high schools, college 

chemistr\' departments, and schools of 

education 
e Provide sabbatical or shorter 
■ opportunity leaves, provide tuition 

assistance*, and otherwise support 
* financial^ the continuing education of 

teachers*' 
f Recognize and reward tettchers for 

achievement m mcjeting the ' 
^ recommendations of the§c>guidelines 

' 3 Support teacher participation in the 



activities tif Science teacheft'groups, / 
acadoijiies^. science, and dther 
' pr<f^sional byganizatioffs. 

4' insirrje fhat copies of these guidelirfes are > 
cl-istritruted t'o chemistry teach^ers,. ^ 

- Re*Ct)mmeij(lations to State and.Local 
. Agfincies,*Organizations, and , 

(^gi'' American Chemical Society-and Amerifeftn institute 
of Chemists locci4 sections, state academies of scienc^'. 
local industries, parent-teacher-student associations, 
museums) * # ^ ' , 

1 Arrange specia^l top^aseminars on loc&l or 
national issues oY current interest - 
presented b^y teacl|er-student teams 

. 2 Sponsor incentive awards for>§tydents and^ 
teachers, such^as short course tuition fees, 
mini-grants, books: * 

ft * ^ 

3 ' Pxoyide financial support for local science 
teachers'-(secondary*school, two-year ' 
/ colle^j^college and university] meetings . 



A blunt tool, grown dull 
from lorig disuse, W costly 
tc^its owner. 
' Ecc^siastes 10:10 



, andjj^OTKshops on ^topics addressed tt) the 
felt needs of the"participants, 

4 ' Provide ^eakers bureau services to 

secondary school closes and.teacher 
groups- * ^ 

5 Disf^bute surplus apd experWable 
supplies and equipment from industries-' 
and otlier sources to secondary schools,- 
a^id provide'for their maintenance 

Recommrndations to National 
Organizations and Agencies. 
Concerned with Ghfemicej Education 

(sucKas Aa/s, ACS.AIfrS. AIC, MCA NAIEC. 
NASA N'CE'A/NIB.^NSF. NSSA. ^JSTA. USOE'^iJ 

'1 Assist teafhers vi^ith the logistics of ^ 
secondaryi school laboratgny 
nrfan,agem^nt; safe handlin^f reagents, 
and waste disposal; prepare and publish 
a "Laboratory' Management and Safety , everything: 
Handbook." ' *" 



2 Help to meet.the continuing educatiorT* 
needs of secondary schooF teachers, 
develop and^eliver teacher training- • 

'projects and'a<:tivities such as content- 
oriented u^orkshops, and traditional, 
multi-media, or othex innovative self- 
study programs, with the cooperation of 

'academic institptions 



"I think that Vhen it corned 
to teaching a course as • 
hard as cheinistry, the ^ 
teacher ought to have a 
good bacicground of 
material and a good 
knowledge of just about*' - 



' Sj^c ,ip[)»'n<li\ for tKldr'^ssi s > ' 

■" Sfr a^)[)fnrhx fur clf't«iils . ^ ' 

AmfTKcin Assof hUion for (hf Ariv .mr »«fnf'nl of Sf irnrr. Amonr.in (^hrmical Sorirty' Assoridtion ffjr the Kdnration of 
Ir.K h<Ts H) Sfifnu' ArnfTK .in-Pn'ititiitf' of (^iu-mists, Mdnufnrtnrinx C^homists Association, National Asso(jation*-for In- 
.(lustrv -f '.duration, Coopfffifion Nntum.jl AoronaiitK s and Sp;irc Administration National Cathr»lir Rdufatidn A.sso<;iation. ' 
\*.itional Institntr of KcJucation. N.*tit)nal Sr n^ni v Ponndatinn, National Rrirnrr Suprrvisops Assonation, N<jtifma! Scioncr ' 
'IVm( hfTs AvvK lation I )nitfd J^latds Offu f'.of P^Iik ation <md others ^ ^ * «* * 
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**Our teacher it a very flije 
OM and I believe he should 
have the chanc^ to further 
his education in the Held 
of chemistry. I am very 
^ure this could benefit . 
everyone/' ♦ 



6 Publish descriptions of 6xperimente [m 
domonJtralions) suitable •r 50 minute 
. **p'reIab-lab-postlab^' periods. * 

4 Publish giiidehnes to aid in the effective^ 
' use of para-profcssionalsland student , 

' assistants in chemistry teachiog. 

5 .Or^nize a clearinghouse to assisf and 
' encQurag^ industrial summer or 

■ sabbatical leave employment oT . 
prospective ^nd current ch^istry 
teachers * " - 

'6 Establish Chautauqua-type short course 
program^for secondary school chemistry 
^teachers ' , ^ 

7. Maintain a roster of professional 

personnel, includmg retired teachers and 
chemists, to'serve as consultants., 
revievvers, and resource persons . 

8^ EncoUfagethe^valUation^pf 

performence-based teacher ^dutatlon- 
Mrategitis ^ ^ • ' ' \ • 

9 Provide programs designed to meet the 
needs and irtterests of secondary school * 



chemistry teachers at natiorttl, regional, 
and local meetings andcpnferences. 

10 Provide progrants and funding for • * 
research directed toward the 
improvement of cKfemistry teaching. 



R6c6mmen(tatiQhs to Professional * 
Teacher Organizations 

(such as AFTvJ^JAPE, N&A*) ' * ' 

Obsolescence o\ teachers as professionals is 
a Qommon concern to both scientific and 
prof^s^onal organizations The support of 
professh»A41-Qrgaj^|AMk in 
pton^oting th^ij^^H||^^rofessional 
development ^^^Bersjby: > . --^ 

• Supporting th^* recommendations made 
elsewheje irxtneSe sidelines. 

• Assisting their mem.l^iera to meet the stan-, 
dards set Tn these and similar guideline^. 

• Further implemeirtation of continuing 
^ educatio^ programs for their members. 



-I 



Other Issues _ ^ 

During the development ofthese guidelines the Writing Comfnittee, in* its 
concern for student learning, questioned but generated no 
recommendations regarding the desirability of: ' 

/. ' ■ ■ ■ - , ■ 

Teaching of secondary school chemistry as a preparation 
for college chemistry vs. emphasizing the role of 
chemistlry as a part 6f the general education of students. 

'• - * 

Criteria used to identify excellency in teaching of * , . 

chemistry— ^uch as those ba^ed on teaching sophisticated 
content, as such, v5. teachin^he rel^ionships of 
chemistry to students'* presertt and future daily lives. 1 

Formal position papers as well as informal letters on these issues and cJther 
topics in these guidehnes are welcome and should b^sent to the 
Department of Educational Activities of the American Chemical Soqiety 



i 
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APPENDIX I 



History of these. Guidelines 

In 1971 the Educational Policy, Sub-Committee,of 
the dt)uncil Committee on Chemical Education, a 
standing committee of the Council of the 
AmericaniJhemicarSociety, was jfiarged to draw, 
♦up a set of recommendations which related to 

abtiongl policy and to which^'the parent 
mittee might be able to addrejjf itself with, 
some effect ' ^ ^ \ ' 

The Educational Policy Si>b-Committee 
(composed of ^tanley Kirschner, Chairman^ John 
G. Bailar. Jr , atid W T Lippimrott) met in Chicago, 
Illinois. OTi June 10, 1971, and prepared a setj^f 
recommendations for the consideration of the 
Council (Sommi^ee on Chemical Education 
Recommeudation number 4 of that report reads in 
part, as follows 

'The Educational Policy Sub-Comnuttee 
recommends to the parent Council Committee 
on Chemica] Education that It study the 
problem of .assessir^ and influencing minimum 
, standards in chemistrv' instruction at secondary 
ahd juhior high schools throughout the United 
States^ In particular, it should study the * 
minimum standards of edycation in chemistry- 

The parent committee, through itsSub-CommvttSe 
on Pre-College education, gave attention to this 
question, and in 1974, the American Chemical 
Society Coiiincil ComrTiittee on Chemical ^ 
Education'proposed to the Council and Bo^d of 
Directors oPthe 3'ociety that a set of guidelines for 
the preparation and continuing education of 
secondary school chemistr\ teachers be prepared 
and widely distributed TheCouncil and Board 



approved and, in September 1974, the'Board ^ 
. allocated funds to support the project In April 
1975, the CoiTiLmittee on Chemical Education 
appointed a task -force Steering Committee 

The Steering Commi^e convened in August 1975* 
,.*-*.i,^[nting and Editorial Committees were identified 
and charged with preparing for revifew a set of 
guidelines that would be* * 

• perceived as pr-actical, 

• specific without being restrictive; 

• addressed to both pre- and in-service needs 
of teachers afid to facul^s in both education 
and chemnstry. and « B 

• attentive to the cooperamm and assistance of* ' 
other grdups who share responsibility for 
irpproving secondary education in chemistry 

In December 1975, the Writing Committee met in 
Reston, Virginia It prepared a set of statenients 
from which the Editorial Committee wrote a 
preliminary draft of these guidelines The draft 
.was reviewed b^ the Writing Committee in 
January 1976 . , " ♦ 

The resulting *'first draft" waslhen reviewed by 
represjentatives of various groups concerned, both 
directly and indirectly, witi^ the teaching of 
secondary school chemistrf — from secondary ^ 
school students to teachers of teachers ajad 
supervisors, as wpll as local school boards and the 
teachers themselves Following these reviews and 
further modifications of the do.cument through 
additionaTdrafting stages, and after the necessary 
mternal approval procedures within the American 
Chemical Society, these guidelines were first 
published in 1977 . , ' 
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APPENDIX II 



J*erformance (coiiipetency) Based Teacher Education (PBTE) 



In PBTE, pre-service teachers are expected to 
demonstrate ability to perform specific teaching- 
• .^related activities The performance goals to be 
achieved are specified in rigorous detail in 
advance, and understood and accepted by the 
student. Ideally, the list of goals (Emprises all .of 
the critical skills and behaviors which a teacher 
must possess iti order to perform well as a teacher, ' 
without imposing time re^rict;ons for their 
achievement 

PBTE may be superior to tradiUorial teacher 
' education strategies. More likely, the two in 
cont:ert may be particularly effective To the 
extent that PBTE goals have been formulated, 
their use in teacher education merits evaluation 

A complete set of performance gotils for secondary 



school chemistry teachers would include 
descriptiofis of a variety of motor skills, concepts 
and their application, and attitudes A^a , 
minimum, these would pertain to education, 
chemistry and related sciences„and mathematics, 
with some reference to the humanities and social 
sciences Clearly, a cooperative*effort would be 
necessary to expl(?re adequately the possiTTFe 
formulation of a complete set gf such performance 
^ goals 

Since experience with PBTE strategy is limited at 
the present time, these guidehnes have^spccified 
the criteria for pre-scrvice teacKerpreparation in 
traditional terms, pending further developments 
in the general acceptance and utilization of the 
PBTE strategy 



"I personally felt that not 
only should the chemistry 
teacher be taught well in^ 
chemistry, 6ut should also 
be instructed in human 
psychology, teaching 
^methods, etc." 



ERIC 



1} 



11 



APPENDIX III 



Publications 



(*1976 subscription prices ar^ listed) 

* (1) SelectedPeriodicais Cheipistry Teachers and Science Departments 



The Americal Biology Teacher 

National Association of Biolog>' Teachers 
1125p,Roger Bacon Drive . 
Ronton. VA 22090 . 

Chemical and Engineering News • 

American Chemical Societ\' 
1155 16th Street. N W 
Washington. DC 20036 

•Chemistry 

American Chemical Soclet>' 
1155 16th Street. NVV , 
Washir^ton. DC 20036 

CHEMTECH 

American Chemical Society ' 
1155 16th Street, NW 
Washington, DC 20036^ 

CHEM13NEWS 

Department of Chemistry- ^ 
University' of Waterloo 
Waterlo(;i,'OntanoN2L3Gl 

Environment' 

^Circulation Departm^t • 
'.PO Box 755 
Bridgeton. MO 63044 

Journal of Chemical Education 

Circulation Service ' 
119 W 24th Street-/4th Floor 
New York. NY 10«1l - 

Journal of College Science Teaching 

NationaS^Sci^nce Teachers Association 
1742 Connecticut Avenue. N W 
^ Washington. DC 20009 

The Physics Teacher* . 

American Association of Physics Teachers 
Graduate Physics Building 
State University of New York 
Stony Brook. NY 11794 

Science 

American Association for the * 
'Advancement of Science 
, T515 Massachusetts Ayenue. N W 

Washington. DC 20005 



$15.00/yejar(withNABT 
membership included) 
$18 00/year for institutions. 
$7 00/year for student members 

Provided with ACS member- 
ship;$15 00/yeSror 
$32 00/3 years fornoor 
memb&fs. 

$8 00/year; special group 
rates for 10 or more subscribefs 



$9,00/year for ACS membejs. 
$18.00/year for nonmembers. 
$45^00/year for institutions,* 
libraries.^ companies; • 
$4.50/year for students * 

Optional contribution to 
^help defray postal costs 
welcomed 

$12 75/year for individuals. 
$17 SO/vear for institutions, 
$10 OO/year for students 

$10.00/year. published by 
- ACS Dwis^on of Chemical 
Education 

$'l6 OO/year with college 
merrtbership in the National 
Science Teachers Association, 
$25 OO/year for school^ oi' libraries 

Non-AAPT members. $18 OO/year; 
membership, including TPT 
, as an option. $22 00/year, 



$25 OO/year with individual 
ijie^mbershjp in AAAS. $18 OO/year 
for students, subscriber rates. 
$50 OO/year 
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Bnce News 

bscription Department 
: West Center Street 
Irion, OH 43302 

Science Teacher 

itional Science Teachers Association 
12 Connectitut Avenue, N.W 
;hington. QC 20009 



entific American 

bscription Manager 
I Madison Avenue 
iwvYork. NY lp017 



$)jP fij^/year, $1^00/2 years, 
$25.^0/3 years^ 

$18 bo/year wi' , 

school membership in the 
r4atiohal Science Teachers, 
Association; $€5 6o/year, ^ ^ 
school or library 

$15.00/yepr, $27 00/2 years, 
$3'7 00/3 vears * 




The P3STA Self-Assessment Materials* • ^ 

[guidelines for Self- Assessment of Secondary-School Science Programs* « " * " 

I. Our Schoors Science Curriculum ( i^471-14672, $1 00 each). ' , 

IL Our Schoors Science Teacher (#471-14674. $1 00 eath) *^ , 
II. Science Student/Teacher Interactions in Our School ('#471-14676, $1 00 6ach) 
V Facilities and Conditions for Science Teaching m Our School (#471-14678, $1 00/each) 

port Form, 2 copies (#471-14680. $1 00 eachlP" 

• ft ' , ' 

plete Self-Assessment Package, incltiding one copy of each of theJounModules, 2 Report Forms,'and 
introductory preface (#471-14682. $5 00]. * \ 

d $0,50 for handling and maijing Postage will be charged on billed orders ^ 




or from N,ition<il Skhtko Tochers Association, 1742 Connecticut Avenue. N VV , Wdshington, DC 2*^009 
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APPENDIX IV 



Project Personnel 

American Cbenlical Society CTouncIl 



Committee on Chemical Education, Members 1975-1976 



James }. Hazdra [Chairman] 

Illinois Benedictme Gollege 

Harold Tjaker . 

Lapar State College of Technology'. 
TeX 

}olip A. Bee] 

Unjiversit>' of Northern Colorado 

Doinald J. Beltinger 

Ohio Northern University 

Alian Cairncross 

E.I du Pont de Nemours & Co . Del 

Newman H,:pir2^osian 

Delphi Marketing ^rvices. Inc. N Y 



Sister Agnes Ann Green 

Inwnaculale Heart College, Calif 

Edward S. Hanrahan 

Marshall University, W-^a. 

Edward H, House (1975) |^ 

Mercer Count^'.CoiiimunJty College, 
N I ^ ' 

Lester Kieft 

Bucknell Univfersity. Pa 

Stanley Kirschner (Qiairinan, 1975] 

Wayne State University, Michigan 

AlbertineKrohn(1975) 

University of Toledo, Ohio 

John J. Lucier 

Universi^ of Dayton. Ohio 



"Kathryn P. Mc({ugh 

Amundsen High School, Chicago . 

Albert W. Meyer (1975) 

Industrial Chemical Consultartt, N I 

Therald Moeller 

Arizona State University 

William A. Neviir 

Indiana University— Puwdue J 
University 

Olaf A. Runquist 

Hamline University, Minn 

Richard G. Werth 

Concordia College^inn , 



Task Force to Develop Guidelines for the P/eparation a'rvd Continuing 
Education of Secondar\'5chool Teachers o'f Chemistry' 



Task Force Stoormg 




rfiittee 



Stanley Kirschner, Chairman 

Department of Chemistr> 
Wayne State Universit\\ Mich 

THeodm-Benfey 

Department of Chemistr> 
Guildford College. North Carolina - 
[Editor, Chemistry rrtaj^azine) 

Curtis Dhoijiau ' 

Vincennes University Junior Collogo. 
Indiana 

William Elliott 

Maiiager. Education Services 
American Cyanacnid Co . N ( 

Bernard Friedman, Past President 

American Chemical S«ciot>' 
7321 South Shore Drive 
Chicago. II 60649. 

Marjorie H. Gardner . 

Departments of Chomistr\' and 
Secondar>' Education 
University of Maryland 

Margaret Henley 

Kennedy Higji^School 
Los Angeles. Cahf 
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Lloyd lohnson « 

United States Office of Education 
Washington, D C* 

Edwin M, Larsen 

Department ofChemistry^. 
Universit)' of Wisconsin 

.M. T. Lippincott, Editor 
"^brnai of Chemical Education 
. university of Arizona 

Arthur H. Livermore 

American Association for the 
Advancement of.Science 
Washington. D C 

William L. Marshall 

Oak Ridge National Laboratory, 
Tennessee ^ 

Kathryn P. McHugh ( 

Amundsen High School. Qh^cago 

Richard J. Merrill 

, Consultant in Secondary Curricula 
M^, Diablo VJnified School District. 
Calif 

Joseph S. Schmuckler 

ScHincf* Education and Chemistr>' 
Temple University. Pa 
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Leo Schubert 

Department of Chenaistry 
American University 
Washington, D C 
itor, /ournal of College Science 
Teabhmg) 

Glenn\ Seaborg, Past President 

^^mericarN^hemical Societ>'' 
.University olCalifornia 

Sidney Sinlanc: 

Kentucky State D4ot of Education 

Laurence Strong 

Department of Chemis^i 
Earlham CoUege. Indian^ 

(Sardner W. Stacy 

Department of Chemistry \ 
Washington Stat(^University v 

Staven N. Vamvakis \ 

Delsea Regional High'ScriooK N j 

Jay A. YouQg ^ 

Individualized Science— Instcvctional 
System ^ *^ 

Florida State Universit>; ^ 
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Task Force Writing Committee 

+ Jay A. \oun^kChairman 

Individualh:^ &uence 
Instructional System , . 
. Florida Sta4e University* 

Herbert Bassow 

Germantown Friends School. Pa 

t Henry A- Bent' * 

^ Department of Chemistry 

JMorth Carolina State University' * 
Richard Bliss 

tpl^ectoT of Curriculum Development 
institute for Creation Research' 
^afi Diego, Calif 

elftynB. Clapp ' 

leqprtment of Chemistry 
[0^ University. R I 

pj^rd C. Clark 

CSn%Itant, Science Education 

|sota State Dept of Education 

Si^r^^A^na Maria Coverdell 

M^lHigh School 
Om4J**Meb 



^ Marjorie H. Gardner 

• Depactments of Chemistry and 

Secondary Education 
University of Maryland 

+ Hen^ Heikldnen 

Departments of Chemistry and 
Secondary Education 
University of Maryland 

. ^^argaret Henley , 

Kennedy High School / 
, Los Angeles, Calif / 

w. T. Lippincott. Editor 

^ Jburmi of Chernical Education 
Department of Chemistry 
Univ.ersity of Arizona . 

* /^rtjiiir M. Livermore 

Amerk:^n Association for the 
Advancement of Science 
' Washington. D C 

Marilyn LUc^as 

Euclid High ^School. Ohio 

Aubrey L. McClellan ^ - 

Chevron Research Company. Cahf 



L. Myles Phipps 

4/yest Valley High School. Wash 
Gerald Sugh^oue 

Nebraska "Department of Education 

Le&R. Summerlin 

Department of Chemistry 
University of Birmingham, Ala 

ttt Frank X. Sutman 

College of Education , • 

Temple University^ Pa * ^ 

Katharine Weissman 

CS Mdtt Community CoHege. Mich 

+ Paul H. Westmeyer 

University of Texas at San Antonio 

Steven NT. Vamvakis 

Delsea Regional High School. N | 

Pamela Ay re and 

Patricia M. Lemaire, Task Force • 

Liaisons, General 

Educ^ational Activities 

American Chemical Society 
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• /f JTrrrnt ,i(j(lrfss 'M«fhnfcH tur*in^Chcmjsts AssorjntiiSr^VVfishinxton [) * 
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APPENDIX V 
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Reviewers of Preliminary Drafts 

As indicated in the historical account (Appendix 
I) reviewers from within and without the fields of 
chemistry and science educatioxi were invited to 
criticise preliminary drafts of th^Se Guidelines 
That more tha^ 80 percent of the more than one- 
hundred person? asked d\6 resporj^ is both a 
credit to their patience dnd an affiriftation of the 
recognition such expert^and authorities attnbutej 
to the need for a Guide4ine§ tiocumenj, * 

A public expression o^grgtitude and apppeciati9|i 
to these pe^son^ is herewit*^ tendered by \h.'e 
project personnel The errors of omission and 
commission that still remain are to be*^ttributed 
to the latter (not Vhe /prmer). ev^ though it was| 
• not 'possible to ijiclude all of fhe sugge^ions 
received » ' ' » 

Forjhe information of the readers afid usefls ofi 
these Guidelines the categories bf reviewers arie 
listed below. . ' ^ 

^, Academic Program Coordinators ^ 
ACS Local Sections ' ' / . 

Associations of BoerSs of'Education (State and 
• Local) ^ ' * ' • ' k 

_ _?AssaciatiQn*x)f SGteRCje^ducators r~ ^ 

Association^ of Science Teachei:s ' * 

Chemical Industr>''Management AssociaUons 
Chemists employ*! in Governxnexit Ser\'ice / 
(Federal and 5tate). 

College aod University Accrediting Agencv • 
Associations 



Cpordinators for Secondary School 
Accreditation ^ \ 

Coynty Board oi Education , 
• Deans of Graduate Schools ' n » 

Educational Associations 
Industrial Chemists 
^ Ii]-Service Students (preparing to hecomj^ 
^ -^teachers pf Chfetnistry) » 
. National A^^^ciations of^econdary School 
Executivjes 

National Education Commissions and Councils 
' National Scientific Societies ' ' • 

Prof^ion^al Tea<?hers Unions • 
• ' Professors of^emist^ ^ 
Professor? of Educatioi\^i^ 
Professor^ of Physics , , ' . " , • 
Professop of Science Education 
^School board Members 
Science Curriculum Project Directors 
Science Supervisor Associations .» 
^ 'Science^Supemsors ' 
'Secondary School Chemistry Curciculum 
%, _Chairp€?i'sons - * ' . ' ^ 
• Secondary' Sc^iool Chemistrv ^'Jeachers 

^^£Condar>' School i?DilcLpaL AssociaUons 

"•Secondary' School Principal 

St^te'Boards of Education ^ , 

' State Departments ofEducdtion 
fetate Science Supervisors 
State Supervisors bf Educati<^n 
Teach^^ Accrediting Organizations 



1 



. Acki^wledgment • , - ' 

Special thanks and appreciation are herewith accnrdeito Dr jav-A Youn>5. the Chairman of the Writin>5 and Editorial 
Committees for the extraordinarv effortjie has put ifito the formuiation of these Giiidpiinf-s An> success they achieve m 
he!j)ing to improve secondary^school instruction in rhemi8tr\- in the llnited States vsnll be due in larKc part to his work 
, ^ , ' Stanley Kirschner. Chairman 

, Steprmg Committee Af:S f'^indelines Project 

• r * ' 
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' The Final Word: ' ' 
Provocative Responses from Sel^ted Reviewers 
"I am afraid I see nothing in your pious, bland, inoffensive guidelines that is going 
to shake-up the deep-seated-complacency ^d educatipn&l mcompetence that pervades 
the science education scene." ' ' ' T ' 

• "B your group wilBng to say that forcing students in iiitroduttory courses to memorize 
the atomic orbital schemes,*without any idea of where such arcane gibberish coines 
froin or how it is validated, is a travesty ^of education and a hideous, aiita|onizing 
trduma for the sjudents?" . ^ - ' r 

"Laboratory-oriented chemistry programs are going down the drain, presently, be- 
cause of drastic cutbacks in supply and equipment allotments in science combined with 
double digit inflation. The sentence [in Reconunendations^o Local Officials]ARespond 
to the teachers' identified needs for expenc^ble supplies and equipment maintenance.' 
is not adequate to focus on wliat is the inost important problem facing secondary school 
science teachers." * . * * , 

"Many (not all) of your recommendations are going to sXiffer because they siqjply * 
cost money. Why don't ^u add a recommendation at least to the schoal boards pointing 
out th^ this is thetr responsibility: To inform the voting pul^lic, and plainly, that even 
'iocre schools cdsta lot of money ^ese days, and that (he needed,money has to come 
rom fhe voters* pickets, or else." , " \\ % 

"Ygtir excellent sii^^tions for imprqving professional education are not paralleled 
6y equally strong statements on reforming college chemistry teaching. I personally 
do not think revising professional education will have much effect if there isn't ^similar 
reform in college chemistry teaching.'^ 

* Your document shcluld hit chemists /lait/. Chemi^ta^ must assume more responsibiHf^ 
for recruiting and encouraging persons to become high school chemistry teachers. Your 
document includes several ideas that, if adopted by a university, would eliminate some 
of the problem; but you are too soft and leave too lAuchto chance by not stating em- 
phatically that more well trained chemistry -teachers are needed, add the college 
chemistry prjofessors must takl^dore responsibility for their recruitment," • 

"It has been my experience that th^re is little cooperatiqn between the chemistry- 
and science .education departments. The chem department looks down' its nose at 
science ed. and the science ed- department is too hm^ doing mickey mouse stuff to 
bother about teaching practical methods." " ^ 

• "We stifl say that-colleges should offer worthw4iile courses for teachers to update 
their knowledge, and that college science departments should work with eoUejge science 
education departments but,>as a matter of fact, they usually <lo not." 

"A cooperative effort is absolutely essential. Chemjsts, high school chemistry teachers, 
and professional educators each have a lot to contribute. Each has a unique base of 
knowledge and ex^rience which when molded together by mutual respect wtll pro- 
duce effective chemistry teacher preparation programs." • ♦ 

* - K 
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